An integrated thermal management system combining a heat pipe battery 14 cooling/preheating system with the heat pump air conditioning system is presented to 15 fulfill the comprehensive energy utilization for electric vehicles. A test bench with 16 battery heat pipe heat exchanger (HPHE) and heat pump air conditioning for a regular 17 five-chair electric car is set up to research the performance of this integrated system 18 under different working conditions. The investigation results show that as the system 19 is designed to meet the basic cabinet cooling demand, the additional parallel branch of 20 battery chiller is a good way to solve the battery group cooling problem, which can 21 supply about 20% additional cooling capacity without input power increase. Its 22 coefficient of performance( COP) for cabinet heating is around 1.34 at -20℃ out-car 23 temperature and 20℃ in-car temperature. The specific heat of the battery group is 24 tested about 1.24 kJ/kg•℃. There exists a necessary temperature condition for the 25 HPHE to start action. The heat pipe heat transfer performance is around 0.87 W/℃ 26 on cooling mode and 1.11 W/℃ on preheating mode. The gravity role makes the heat 27 transfer performance of the heat pipe on preheating mode better than that on cooling 28 mode. 29 30
. 156
The relative parameters of the bench are shown in Table 2 . 157 To investigate the heat transfer performance of HPHE of battery group, the 163 experiment is carried out to simulate different working modes. The heat composition 164 of the battery temperature control system is shown as Fig.2 . The battery internal heat 165 variation and coolant internal heat variation can be expressed as equation (1) and (2) 166 respectively. Here heat transfer coefficient of each heat pipe qhp is applied to indicate 167 the heat transfer performance of the HPHE, which can be expressed as equation (3). 168 
Because the system heat-transfer process goes from dynamic to steady state 174 gradually and the energy during the initial dynamic process is not balanced, it is 175 important to note that this model is only suitable for the final steady state. 176 3. Experimental result and discussion 177 3.1 Heat pump system performance 178 Table 3 shows the system cooling and heating performance under different 179 working conditions. 180 power almost keeps the same, so the system COP increases about 18.60%. Under 187 out-car 45℃ and in-car 45℃ condition, the optimum opening of EXV2 is 63% and 188 that of EXV3 is 90%. And also the system total cooling capacity and COP under this Because the battery group is a composition of electrolyte, metal and heat pipe etc., 210 and the thermal capacity characteristics of different material are different, the specific 211 heat of battery group is uncertain. A testing experiment is carried out firstly to test the 212 specific heat of battery group. On this mode, the coolant is circulated by the pump 213 with neither PTC heating nor battery chiller cooling and the generated heat of battery 214 group is dissipated to the coolant by the HPHE. The equation (1) - (4) 217 Fig.3(a) shows the average temperature response tendency of the battery group 218 and the coolant from start to steady state. The temperature difference between them 219 decreases from 11.6℃ to a constant 4.4℃. Fig.3(b) shows the internal heat variation 220 response tendency of the battery group and the coolant. As mentioned in the above 221 calculation methodology, the model applied for the steady state is quasi-steady and it 222 is not suitable for the dynamic process. So the initial calculated heat shown in Fig.3(b) , 223 which goes up to more than 200W, does not present the actual heat value. The average 224 internal heat variation of the battery group and the coolant at the steady state is around 225 119.4W and 83.6W respectively. Therefore according to equation (4) , the specific heat 226 of battery group can be gained, which about 1.24 kJ/kg℃. This result has also been 227 verified by the following experiment based on the equation (1) As the cooling mode starts, the coolant average temperature inside of the battery 248 exchanger box decreases quickly. While the battery average temperature increases to a 249 higher value firstly and then begins to decrease with the coolant. It is worthy of 250 mention that as the battery average temperature increases to the highest point, the 251 temperature differences between the coolant and the battery group are all in the range 252 of 7~8℃under every experimental condition. This result shows that at the beginning 253 of this experimental mode, the battery begins to generate heat as it supplies power 254 while the HPHE does not start until the temperature difference goes up to 7~8℃. 255
Therefore the battery group temperature will go up before the HPHE starts to transfer 256 heat from the battery to the coolant. And finally the battery temperature decreases toits suitable range. The battery cooling rate depends on the EXV3 opening degree. 258
Under the conditions of 33% EXV3 opening degree, it takes about 1040s to be cooled 259 from 35℃ to 30℃, 1720 s from 45℃ to 30℃. Under the conditions of 60% EXV3 260 opening, it takes 600s from 35℃ to 30℃, 1180s from 45℃ to 30℃. 
.3 Preheating mode 279
On this mode the coolant is circulated by the pump with PTC heating and the 280 battery group begins to generate heat when its temperature gets to be higher than 0℃. 281 wall of the pipe after condensation. Fig.10 shows the heat transfer performance of 300 each heat pipe on preheating mode. At first the heat transfer performance increases 301 gradually at a relative low level with the increasing of the temperature difference. As 302 the coolant temperature goes up to be higher than 8℃, the heat transfer performance 303 jumps up quickly to a higher value, and then increases slowly to a relative stable value, 304 which is about 1.11W/℃. This result verifies that the coolant temperature has 305 important effect on the heat transfer performance of the HPHE because the 306 evaporating and condensing process of the fluid inside of the heat pipe depends on the 307 temperatures of its two terminals. Meanwhile, compare to the heat transfer 308 performance of the heat pipe on cooling mode, that on heating mode is higher. This is 309 because on heating mode the heat pipes can take advantage of the gravity role to get 310 better heat transfer performance. The HPHE designed for this experimental bench can 311 be on a good heat transfer performance when the coolant average temperature is 312 higher than 15℃. 313
Conclusion 314

